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METHOD AND UNIT FOR SEPARATING
THE LIGHT AND HEAVY COMPONENTS OF
NATURAL GAS

RELATED APPLICATIONS

The present application 1s a National Phase entry of PCT
Application No. PCT/FR2015/051879, filed Jul. 7, 2015,
which claims prionity from FR Patent Application No. 14
56576, filed Jul. 8, 2014, said applications being hereby

incorporated by reference herein 1n their entirety.

FIELD OF THE INVENTION

The present invention relates to the separation of light
constituents and heavy constituents, more particularly car-
bon dioxide and paratlins, from natural gas.

PRIOR ART

Natural gas 1s a mixture of hydrocarbons extracted from
the subsoil comprising mainly alkanes, methane and heavier
compounds. These hydrocarbons constitute the exploitable
resource of natural gas. However, the gas from production
wells usually contains other constituents which are not
exploitable, such as carbon dioxide, and which must be
extracted from natural gas.

Up to relatively moderate carbon dioxide contents (ap-
proximately 20 mol %), the most usual process for the
extraction of natural gas 1s absorption by weak basic solu-
tions, typically amine solutions. However, above this con-
tent, the power levels required to regenerate the amine
solution become considerable and put a not insignificant
strain on the economic balance of natural gas purification.

Consequently, many authors have preterred to explore the
route of the cryogenic distillation of natural gas and carbon
dioxide, which 1s more energy saving. In these processes,
these two constituents are separated by distillation at cold
temperatures which, generally, remain above that of the
triple point of carbon dioxide 1n order to avoid crystalliza-
tion thereof.

U.S. Pat. No. 4,152,129 thus proposes distillation of
natural gas and carbon dioxide at a pressure below that of the
critical point of the mixture, but at a temperature above that
of the triple point of carbon dioxide. The authors also
propose that at least one part of the distillation column
reboiling be obtained by heat exchange with the natural gas
undergoing cooling.

WO 2007/126972 also provides a process for the rectifi-
cation of carbon dioxide 1n a distillation column 1n order to
separate 1t from natural gas. Reboiling 1s also provided by
cooling of the natural gas feed. The objective of the process
described here i1s to separate the constituents which are
produced 1n the gas state without however being liquefied.

WO 2010/034627 proposes cooling the natural gas in two
steps, with separation of the liquid and the vapour at each of
the steps with a view to improving the efliciency thereof.
However, the separation steps are merely separating drums,
the efliciency of which 1s less than that of distillation
columns with reflux.

The Ryan-Holmes process, developed i the 1970s for
processing carbon dioxide-rich gases, makes 1t possible to
separate the carbon dioxide from the gas and to use 1t 1n
facilities for enmhanced recovery of hydrocarbons from
mature fields; 1t also makes 1t possible to exploit the LPGs
contained in the gas. The process employs 3 to 4 separating
columns and uses an additive consisting of light hydrocar-
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2

bons, which turns in a loop 1n the process. In the first
column, the carbon dioxide and methane are separated from
the LPG fraction. In the second column, the carbon dioxide
1s separated from the methane and from the additive. Finally,
in a third column, the methane 1s separated from the additive
which 1s recycled to the first column.

WO 83/01294 describes an improvement to the Ryan-
Holmes process by increasing the flow rate of third sub-
stances 1njected into the column condenser 1n order to
improve the efliciency of the carbon dioxide-natural gas
separation.

It therefore emerges from the documents mentioned that
cryogenic distillation of natural gas and of carbon dioxide 1s
well known from the prior art. However, natural gas often
contains heavy constituents—essentially parathns—the
crystallization temperature of which 1s high and which risk
freezing and blocking the equipment as cooling occurs. They
should therefore be removed as simply and economically as
possible before they are capable of freezing.

Patent WO 2011/135538 proposes arranging various
separating drums at various temperatures in order to separate
parailins as they condense. However, this process has the
drawback of fractionating cooling and of complicating the
construction of the cooling exchanger line. Furthermore, a
simple equilibrium 1s sensitive to the composition of the gas
and not very operationally flexible.

Patent WO 99/01707, mentioned by the previous patent,
solves the problem of the paraflins by providing for the
installation of a rectification column upstream of the process
in order to efliciently condense them by means of a reflux
column. The reflux, 1n order to efliciently condense the
parailins, must be relatively cold compared with ambient
temperature.

The objective of the present invention 1s to provide a
process for separating carbon dioxide and natural gas inte-
grated into the upstream elimination of paraflins for the
purposes of mechanical simplification and energy saving.

SUMMARY OF THE INVENTION

A subject of the present invention 1s a process for treating
a natural gas G comprising carbon dioxide, methane and
parailins, so as to obtain a gas stream enriched with methane
M, a liqud stream enriched with carbon dioxide D and a
liquid stream enriched with parafhins P, said process com-
prising the following steps:

a) introducing the natural gas G into a deparaflinizing
column (3),

b) extracting the paraflins from the natural gas G in the
deparathnizing column (3), and recovering a top
vapour stream comprising carbon dioxide and methane,
and, at the column bottom, said liquid stream enriched
with parathins P,

¢) cooling the top vapour stream and then introducing into
a separation unit (5),

d) recovering a liquid stream and a vapour stream,

¢) mtroducing all or part of the liquid stream as reflux
liquad at the top of the deparathnizing column (3) so as
to wash, 1n countercurrent mode, the natural gas G
introduced 1n step a),

) cooling then expanding the vapour stream obtained 1n
step d) so as to obtain a condensed stream FC and a first
gas stream enriched with methane M1,

o) mtroducing the condensed stream FC nto a distillation
column (7) so as to recover, at the top of the column,
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a second gas stream enriched with methane M2 and, at
the column bottom, said liquid stream enriched with
carbon dioxide D,

h) mixing the first gas stream enriched with methane M1
and the second gas stream enriched with methane M2
so as to obtain said gas stream enriched with methane
M,

1) reheating a part of the liquid stream enriched with
carbon dioxide D and introducing the resulting reheated
stream 1nto the distillation column (7),

in which the cooling of the top vapour stream 1n step ¢) and
the reheating of the part of the liguid stream enriched with
carbon dioxide D in step 1) are carried out by passing said top
vapour stream and said part of the liquid stream enriched
with carbon dioxide D through a thermal coupling heat
exchanger (4).

According to one embodiment, the process 1s character-
ized 1n that a part of the liquid stream recovered 1n step d)
1s drawn off and 1njected, as feed liquid, into the distillation
column (7).

According to one embodiment, the process 1s character-
1zed 1n that the expansion 1n step 1) 1s carried out 1n several
successive expansion operations so as to result in the obtain-
ing of several gas streams enriched with methane M1, which
are then optionally heated, then mixed with the gas stream
enriched with methane M2 so as to obtain the gas stream
enriched with methane M.

According to one embodiment, the process 1s character-
ized 1n that the cooling 1n step ¢) 1s carried out in several
successive cooling operations before the introduction into
the separation unit (5).

According to one embodiment, the process 1s character-
ized 1n that the liquid stream enriched with paraflins P 1s
reinjected into the distillation column (7).

According to one embodiment, the process 1s character-
ized 1n that the gas stream enriched with methane M 1is
optionally heated then compressed.

According to one embodiment, the process 1s character-
ized 1n that a part of the liquid stream enriched with carbon
dioxide D 1s mjected into a geological reservorr.

According to one embodiment, the process 1s character-

1zed 1n that the natural gas G comprises from 35% to 85%
of carbon dioxide, from 15% to 65% of methane and at most
4% of parafhins, 1n particular from 40% to 70% of carbon
dioxide, from 30% to 60% of methane and at most 0.5% of
parailins.

According to one embodiment, the process 1s character-
ized 1 that the gas stream enriched with methane M
comprises less than 22% of carbon dioxide, preferably less
than 20% of carbon dioxide, even more preferentially less
than 18% of carbon dioxide.

According to one embodiment, the process 1s character-
ized 1n that the liquid stream enriched with carbon dioxide
D comprises from 60% to 100% of carbon dioxide, in
particular from 70% to 90% of carbon dioxide. The liquid
stream enriched with carbon dioxide D may also comprise a
minor proportion of dissolved hydrocarbons.

According to one embodiment, the process 1s character-
ized in that the liquid stream enriched with paraflins P
comprises from 4% to 40% of parathns, 1n particular from
20% to 30% of parathins, more particularly approximately
25% of parathins.

A subject of the present invention 1s also an apparatus for
treating a natural gas G comprising carbon dioxide, methane
and paraflins, so as to obtain a gas stream enriched with
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4

methane M, a liguid stream enriched with carbon dioxide D
and a liquid stream enriched with paratlins P, characterized
in that 1t comprises:

a deparallinizing column (3),

an 1nlet line (10) connected at the inlet of the deparai-
fimzing column (3) so as to introduce the natural gas G
into the deparaflinizing column (3),

a deparathnizing column top line (11) connected at the top
of the deparathinizing column (3) so as to recover a top
vapour stream and a deparaflinizing column bottom
line (6) connected at the deparathnizing column (3)
bottom so as to recover a liquid stream enriched with
parailins P,

a separation unit (3) fed by the deparathnizing column top
line (11),

a retlux line (16) connected to the separation unit (3) so
as to recover and reinject a liquid stream, as feed liquid,
at the top of the deparathinizing column (3),

a vapour line (12) connected to the separation unit (5) so
as to recover a vapour stream,

a heat exchanger (13) and pressure reducing valves/
separators (34a, 34b) fed by the vapour line (12) so as
to obtain a condensed stream FC recovered 1n a con-
densate recovery line (40) and a first gas stream
enriched with methane M1 recovered 1n one or more
methane recovery lines (15a, 155),

a distillation column (7) fed by the condensate recovery

line (40) comprising the condensed stream FC,

a distillation column top line (8) connected at the top of
the distillation column (7) so as to recover a second gas
stream enriched with methane M2,

a methane collection line (14) connected to the distillation
column top (8) and methane recovery (15a, 15b) lines
so as 1o recover a gas stream enriched with methane M,
optionally via a compressor (17a, 175),

a distillation column bottom line (9) connected at the
distillation column (7) bottom so as to recover a liquid
stream enriched with carbon dioxide D,

a drawing ofl line (9a) connected to the distillation
column bottom line (9) so as to draw ofl and reinject a
part of the liquid stream enriched with carbon dioxide
D into the distillation column (7),

characterized 1n that 1t also comprises a thermal coupling
heat exchanger (4) through which pass the deparatlimizing
column top (11) and drawing off (9a) lines, making 1t
possible to cool the top vapour stream before 1ntroduction
thereol into the separation umt (35) while at the same time
reheating the drawn-ofl part of the liquid stream enriched
with carbon dioxide D before the imjection thereotf into the
distillation column (7).

According to one embodiment, the apparatus 1s charac-
terized 1in that an injection line (16a) 1s connected to the
reflux line (16) for drawing oil a part of the liquid stream and
injecting 1t, as feed liquid, into the distillation column (7).

According to one embodiment, the apparatus 1s charac-
terized 1n that a refrigerating unit (18) and the vapour (12)
and methane collection (14) lines and a first methane recov-
ery line (15a) pass through the first heat exchanger (13) so
as to cool the vapour stream while at the same time reheating
the gas streams enriched with methane M and M1.

According to one embodiment, the apparatus 1s charac-
terized 1n that the deparaflinizing column top line (11) passes
through the heat exchanger (13) so as to cool the top vapour
stream aiter 1t has passed through the thermal coupling heat
exchanger (4) and before 1t 1s introduced into the separation

unit (5).
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According to one embodiment, the apparatus 1s charac-
terized in that the deparaflinizing column bottom line (6)
teeds the distillation column (7).

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 presents a schematic embodiment of the invention.
FIG. 2 presents a schematic of another embodiment of the
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The invention 1s now described 1n greater detail and 1n a
nonlimiting manner in the description which follows.

All the pressures are given in absolute values. All the
percentages are given i mole values unless otherwise
mentioned.

An effort will first be made to describe the apparatus

according to the mvention, then the process making refer-
ence to FIGS. 1 and 2.

With reference to FIG. 1, the apparatus according to the
invention comprises a feed line 1 for feeding with natural
gas (. This gas feed line 1 preferably passes through a
pretreatment unit 2 which may include gas/liquid separating,
means aimed at removing the solid or liquid contaminants
therefrom, precooling means and/or dehydrating means. An
inlet line 10 1s connected to the outlet of the pretreatment
unit 2 so as to recover the natural gas thus pretreated. This
inlet line 10 1s connected at the inlet of a deparathnizing
column 3 so as to itroduce the optionally pretreated natural
gas (G ito the deparathinizing column 3.

The term “deparatlimzing column™ 1s intended to mean an
assembly of means which 1s capable of extracting the
parailins from the natural gas G, by condensing them at the
top and sending them in reflux into the deparatlimizing
column 3. The condensation of the paraflins 1s obtained by
cooling the top of the deparathnizing column 3.

The term “paraflins” 1s mntended to mean the hydrocar-
bons capable of crystallizing 1n the lines of the apparatus
during the implementation of the process. These hydrocar-
bons are linear, branched or cyclic and typically comprise at
least 6 carbon atoms.

According to one particular embodiment, the deparai-
finizing column 3 i1s a distillation column and, more spe-
cifically, 1n the embodiment 1llustrated, 1t 1s a conventional
distillation column which 1s devoid of bottom heating.

The operating pressure of the deparatlinizing column 3 1s
typically between 60 bar and 80 bar, preferably between 635
bar and 75 bar, more preferentially approximately 70 bar.

The operating temperature at the top of the deparathimizing
column 3 1s typically between 0° C. and 20° C., preferably
between 5° C. and 15° C., more preferentially between 10°
C. and 15° C.

The temperature of the column top 1s determined so as to
obtain a reflux suflicient for the removal of the paraflins 1n
the vapour stream (vapour line 12) or to ensure sufliciently
reboiling 1n the distillation column 7, the greatest amount of
heat withdrawn from the top vapour stream (deparatlinizing
column top line 11) being retained for the design.

A deparaflinizing column top line 11, connected at the top
of the deparaflinizing column 3, makes it possible to recover
a top vapour stream, while a deparaflinizing column bottom
line 6, connected at the bottom of the deparathnizing column
3, makes 1t possible to recover a liquid stream enriched with
parailins P.
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6

The deparatiinizing column top line 11 passes through a
thermal coupling heat exchanger 4 in which the top vapour
stream 1s cooled, partially condensed, and then feeds a
separation unit 5 with said stream.

According to one particular embodiment, the separation
unit 5 1s a gas/liquid separator, for example a reflux drum.

A reflux line 16 1s connected at the bottom of the
separation unit 5 so as to recover and reinject the liquid
stream, as reflux liquid, at the top of the deparaflinizing
column 3.

According to one particular embodiment, the liquid
stream may be pumped 1n such a way that its pressure 1s
equal to the operating pressure of the deparathnizing column
3 before 1t 15 1njected 1nto said column. As illustrated 1n FIG.
1, the reflux line 16 may therefore pass through a pump 19
for pumping the liquid stream.

A vapour line 12 1s connected at the top of the separation
unit 5 so as to recover a vapour stream.

The vapour line 12 feeds a heat exchanger (cooling
means) 13 and pressure reducing valves/separators (expand-
ing and separating means) 34a, 34> mounted in cascade so
as to obtain a condensed stream FC recovered in a conden-
sate recovery line 40 and a gas stream enriched with
methane M1 recovered in methane recovery lines 15¢ and
155.

The pressure reducing valves/separators (expanding and
separating means) 34a, 34b may consist of a series of tlash
drums mounted 1n cascade for carrying out staged expansion
operations intended to separately produce the condensed
stream FC and the gas stream enriched with methane M1.

A protecting drum 33 may be located between the heat
exchanger (cooling means) 13 and the pressure reducing
valves/separators (expanding and separating means) 34a,
345.

FIG. 1 illustrates the preferential embodiment in which
the apparatus comprises 2 flash drums 34a, 345 mounted in
cascade. More specifically, the vapour line 12, after having
passed through the heat exchanger (cooling means) 13, feeds
the protecting drum 33. Connected at the outlet of the
protecting drum 33 are a line for recovering gas stream 33a
(at the top) and a line for recovering liquid stream 355 (at the
bottom). Connected at the outlet of the first flash drum 34a
are a first methane recovery line 15a for recovering a {first
gas stream enriched with methane M1a (at the top) and a line

for recovering a second liquid stream 335¢ (at the bottom),
said line 35¢ feeding the second flash drum 345. Connected
at the outlet of the second flash drum 345 are a second
methane recovery line 1556 for recovering a {irst gas stream
enriched with methane M1b (at the top) and the condensate
recovery line 40 for recovering the condensed stream FC (at
the bottom). The second methane recovery line 155 1s then
connected, with the distillation column top line 8, to the
methane collection line 14 so as to obtain the gas stream
enriched with methane M.

The number of flash drums mounted 1n cascade may be
other than 3. The apparatus may thus comprise from 1 to 5
flash drums 34 mounted 1n cascade, in particular from 2 to
3 tlash drums 34 mounted 1n cascade.

The condensate recovery line 40 feeds a distillation
column 7 with the condensed stream FC.

The term “distillation column™ 1s intended to mean an
assembly ol means capable of separating the carbon dioxide
from the methane with an operating temperature at the top
of less than or equal to —30° C., preferably less than —40° C.,
even more preferentially less than -50° C.
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The operating pressure of the distillation column 7 1s
typically between 20 bar and 40 bar, preferably between 25
bar and 35 bar, more preferentially between 27 bar and 33
bar.

The operating temperature of the top of the distillation
column 7 1s typically between —40° C. and -62° C., prel-
erably between —45° C. and -61° C., more preferentially
between -48° C. and -60° C.

A distillation column top line 8 1s connected at the top of
the distillation column 7 so as to recover a stream enriched
with methane M2.

A methane collection line 14 1s connected to the distilla-
tion column top 8 and methane recovery 15a and 155 lines
sO as to recover a gas stream enriched with methane M.

A distillation column bottom line 9 1s connected at the
bottom of the distillation column 7 so as to recover a liquid
stream enriched with carbon dioxide D.

A drawing off line 9a 1s connected to the distillation
column bottom line 9 so as to draw ofl and reinject a part of
the liquid stream enriched with carbon dioxide D into the
distillation column.

The drawing off line 9a passes through the thermal
coupling heat exchanger 4 in which the drawn-ofl part of the
liguid stream enriched with carbon dioxide D 1s reheated
betore 1t 1s 1jected nto the distillation column 7.

In the apparatus according to the invention, the drawing
ofl 9a and deparatlinizing column top 11 lines pass through
the thermal coupling heat exchanger 4. The thermal coupling
heat exchanger 4 makes i1t possible both to cool the top
stream recovered at the top of the deparaflinizing column
before it 1s introduced into the separation umt 35, and to
reheat the drawn-ofl part of the liquid stream enriched with
carbon dioxide D before it 1s imjected into the distillation
column.

Advantageously, the thermal coupling heat exchanger 4
therefore provides the heating at the bottom of the distilla-
tion column 7 while at the same time providing the cooling
at the top of the deparathnizing column 3.

According to one particular embodiment, an injection line
16a 1s connected to the reflux line 16 so as to draw ofl a part
of the liquid stream recovered at the bottom of the separation
unit S and to 1nject it into the distillation column 7.

According to one embodiment, a refrigeration unit 18
passes through the heat exchanger (cooling means) 13. The
refrigeration unit 18 thus provides the cooling of the heat
exchanger 13.

The refrigeration unit 18 and the vapour 12 and methane
collection 14 lines thus pass through the heat exchanger 13
so as to cool the vapour stream recovered at the top of the
separation unit 3 while at the same time reheating the gas
stream enriched with methane M.

As 1llustrated 1 FIG. 1, the first methane recovery line
15a may also pass through the heat exchanger 13 so as to
reheat the gas stream enriched with methane M1, belore the
first methane recovery line 15q 1s connected to the methane
collection line 14.

The apparatus may also comprise compressors (Ccompres-
sion means) 17a and 175 for compressing the gas stream
enriched with methane M recovered 1n the methane collec-
tion line 14. As 1illustrated 1n FIG. 1, the first methane
recovery line 154 may be connected to the methane collec-
tion line 14 between the compressors 17a and 175.

According to one particular embodiment, the deparai-
finizing column bottom line 6 feeds the distillation column
7 with the liquid stream enriched with paraflins P.

According to one particular embodiment, the distillation
column bottom line 9 reinjects the gas stream enriched with
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carbon dioxide D into a geological reservorir, preferably the
geological reservoir from which the natural gas G came. As
illustrated by FIG. 1, the distillation column bottom line 9
can therefore pass through, in the direction of the stream, a
first pump 22 for pumping said liquid stream enriched with
carbon dioxide D, a heat exchanger of the refrigeration unit
18 and a second pump 23.

FIG. 2 represents another embodiment which differs from
that of FIG. 1 in that the deparatlinizing column top line 11
also passes through the heat exchanger 13, after said line has
passed through the thermal coupling heat exchanger 4, so as
to cool for a second time the top vapour stream recovered at
the top of the deparathnmizing column 3.

Process

The process according to the invention applies to a natural
gas (G containing methane, a light impurity and a heavy
impurity, the light impurity being carbon dioxide and the
heavy impurity being paraflins.

The process according to the mvention i1s applicable to
natural gases mtended to be sold in gas or liquefied form.

The natural gas G which 1s treated by means of the
process according to the invention comprises at least 15% of
methane or at least 25% of methane or at least 35% of
methane and up to 65% of methane.

Moreover, this natural gas G comprises at least 35% of
carbon dioxide, at least 45% of carbon dioxide or at least
55% of carbon dioxide or at least 65% of carbon dioxide and
up to 85% of carbon dioxide. The process according to the
invention 1s particularly advantageous for treating a natural
gas comprising between 40% and 70% of carbon dioxide.
This 1s because, below 40% of carbon dioxide, other tech-
nologies may appear more advantageous and, above 70%,
the small amount of carbon dioxide that 1s recoverable
detrimentally modifies the profitability of the process.

The natural gas G also contains ethane and hydrocarbons
of C3+ type (comprising at least 3 carbon atoms), preferably
in a weight proportion greater than or equal to 1% or to 2%
or to 3% or to 4% or to 5% relative to the methane.

The process according to the invention 1s now described
with reference to FIG. 1.

The natural gas G optionally undergoes one or more
preliminary treatments in a pretreatment unit 2 aimed at
removing the solid or liquid contaminants therefrom, at
dehydrating 1t and/or at precooling 1t and/or at reducing 1ts
hydrogen sulphide content.

According to one particular embodiment, the pretreatment
umt 2 1s a gas/liquid separator, for example a protecting
drum.

According to step a) of the process of the invention, the
optionally pretreated natural gas G 1s introduced into a
deparaflinizing column 3.

According to step b) of the process of the invention, the
parailins are extracted from the natural gas G in the depar-
allinizing column 3, a top vapour stream comprising mostly
carbon dioxide and methane 1s recovered at the column top
(deparathnizing column top line 11) and a liquid stream
enriched with paraflins P 1s recovered at the column bottom
(deparathnizing column bottom line 6).

According to step ¢) of the process of the invention, the
top vapour stream recovered in step b) of the process of the
invention (deparatlimzing column top line 11) 1s then cooled
and then itroduced into a separation unit 3.

According to step d) of the process of the mnvention, a
liquid stream 1s recovered at the bottom of the separation
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unit S (reflux line 16) and a vapour stream 1s recovered at the
top of the separation unit 3 (vapour line 12).

The temperature of the liquid stream 1s below the tem-
perature of the top vapour stream from the deparathnizing
column 3.

According to one embodiment, the vapour stream recov-
cered at the top of the separation unit 5 1n step d) of the
process of the invention (vapour line 12) and the down-
stream streams have a parathin crystallization temperature
below —60° C., preferably below -63° C., even more pret-
crentially below -70° C.

According to step e) of the process of the invention, all or
part of the liquid stream recovered 1n step d) of the process
of the mvention (reflux line 16) 1s introduced, as reflux
liquid, at the top of the deparaflinizing column 3 so as to
wash, 1n countercurrent mode, the natural gas G introduced
in step a) of the process of the invention.

Advantageously, the introduction of the liquid stream as
reflux liquid provides the cooling of the deparathnizing
column top, thus enabling good extraction of the paratlins
which, owing to their lower volatility, are condensed and
sent 1n reflux to the base of the deparathinizing column 3
where they dissolve 1n the liquid stream enriched with
parailins P.

During the duration of exploitation, the deparathnizing
column 3 may have to treat natural gases G of which the
carbon dioxide content varies considerably. As 1t happens,
the higher the carbon dioxide content, the greater the amount
of liquid stream recovered. IT all the liquid stream was sent
to the deparatlinizing column 3, this could result 1n blocking
of the plates of the deparatlinizing column 3.

Advantageously, by introducing all or part of the liquid
stream 1nto the deparaflinizing column 3, 1t 1s possible to
have the plates thereol operate in their operating envelope
whatever the carbon dioxide content of the natural gas G, to
control the composition of the top vapour stream and, as has
been noted, to improve the margin between the crystalliza-
tion temperature of the liquid stream enriched with paratlins
P and its temperature at the outlet of the deparaflinizing
column 3.

The amount of liquid stream to be introduced, as retlux
liquid, into the deparathinizing column 3 can be calculated
by those skilled 1n the art using usual process proportioning
tools.

According to step 1) of the process of the invention, the
vapour stream recovered in step d) of the process of the
invention (vapour line 12) 1s cooled and then expanded so as
to obtain a condensed stream FC (condensate recovery line
40) and a gas stream enriched with methane M1 (methane
recovery lines 15a, 155).

The cooling of the vapour stream can be carried out by
means ol a heat exchanger 13. The cooling of the heat
exchanger 13 may, for 1ts part, be provided by a refrigeration
unit 18 which passes through it.

Advantageously, the deparaflinizing column 3 makes 1t
possible to reduce the concentrations of parailins in the
vapour stream recovered at the top of the separation unit 5,
thus eliminating the risks of crystallization of said paraflins
in the heat exchanger 13.

After having been cooled, the vapour stream (vapour line
12) undergoes expansion, for example by means of flash
drums 34a, 34b mounted in cascade. The gas stream
enriched with methane M1 is recovered at the top of the flash
drums 34a and 3456, while the condensed stream FC 1s
recovered at the bottom of the flash drum 345 (condensate
recovery line 40).
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According to step g) of the process of the invention, the
condensed stream FC 1s introduced 1nto a distillation column
7, preferably at the column top, so as to recover, at the
column top, a gas stream enriched with methane M2 (dis-
tillation column top line 8) and, at the column bottom, a
liguid stream enriched with carbon dioxide D (distillation
column bottom line 9).

The expansion of the previously cooled vapour stream 1s
carried out in such a way that the pressure of the condensed
stream FC 1s 1dentical to the operating pressure of the
distillation column 7.

According to step h) of the process of the invention, the
gas stream enriched with methane M1 obtained 1n step 1) of
the process of the invention (methane recovery lines 154 and
1556) and the gas stream enriched with methane M2 recov-
ered 1 step g) of the process of the mvention (distillation
column top line 8) are then mixed (methane collection line
14) so as to obtain a gas stream enriched with methane M.

According to one embodiment, the gas stream enriched
with methane M comprises less than 22% of carbon dioxide,
preferably less than 20% of carbon dioxide, more preferen-
tially less than 18% of carbon dioxide.

According to one particular embodiment, the liquid
stream enriched with carbon dioxide D comprises from 60%
to 100% of carbon dioxide, 1n particular from 70% to 90%
of carbon dioxide. The liquid stream enriched with carbon
dioxide D may also comprise a minor proportion of dis-
solved hydrocarbons.

According to step 1) of the process of the invention, a part
of the liquid stream enriched with carbon dioxide D (draw-
ing ofl line 9a) 1s reheated and the resulting reheated stream
1s 1nfroduced into the distillation column 7.

The cooling of the top vapour stream (deparailinizing
column top line 11) 1n step ¢) of the process of the mnvention
and the reheating of the part of the liquid stream enriched
with carbon dioxide D (drawing off line 9a) 1n step 1) of the
process ol the mvention are carried out by passing said top
stream and said part of the liquid stream enriched with
carbon dioxide D through a thermal coupling heat exchanger
4.

Advantageously, the reheating of a part of the liquid
stream enriched with carbon dioxide D makes 1t possible to
provide the heating of the bottom of the distillation column
7. It also makes 1t possible to limit the losses of dissolved
hydrocarbons by driving ofl the light dissolved hydrocar-
bons such as methane and ethane.

Thermal coupling 1s thus advantageously carried out
between the two distillation 7 and deparaflinizing 3 columns.
Indeed, by virtue of this thermal coupling, the amount of
heat withdrawn from the top vapour stream and transmitted
to the part of the liquid stream enriched with carbon dioxide
D provides the cooling of the top of the deparathnizing
column 3 and the heating of the bottom of the distillation
column 7.

This thermal coupling 1s all the more advantageous since
the calculations surprisingly show that the bottom tempera-
ture of the distillation column 7 1s close to the top tempera-
ture of the deparaflinizing column 3. It 1s consequently
possible to determine, by virtue of the usual process pro-
portioning tools, the operating conditions of the two col-
umns for which 1t 1s possible to transier the heat from the top
of the deparathnizing column 3 to the bottom of the distil-
lation column 7, thus producing a particularly profitable
thermal integration.

This thermal coupling 1s also advantageous from the point
of the investment and operating costs. This 1s because, 11 the
two systems for heating the distillation column 7 and for
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refluxing the deparatlinizing column 3 were independent,
two exchangers would be necessary instead of one. In
addition, since the operating temperature of the thermal
coupling heat exchanger 4 1s usually below ambient tem-
perature, 1t would be necessary to provide a refrigeration
unit, which 1n this case 1s not needed. Finally, i1 the systems
are independent, it would be necessary to provide vapour for
heating the bottom of the distillation column 7. It 1s therefore
seen that, 1n addition to the savings 1n terms of mnvestment,
this thermal coupling allows energy savings, and therefore
savings in terms ol operating costs.

According to one particular embodiment, the amount of

heat exchanged in the thermal coupling heat exchanger 4 1s
between 10 MW and 30 MW, preferably between 15 MW

and 25 MW, even more preferably between 19 and 22 MW.

According to one particular embodiment, the amount of
energy exchanged in the thermal coupling heat exchanger 4
1s between 10 and 60, preferably between 20 and 50, even
more preferably between 30 and 40 kWh/t., of the liqud
stream enriched with carbon dioxide D (distillation column
bottom line 9).

According to one embodiment, a part of the liquid stream
recovered 1n step d) 1s drawn off (injection line 16a) and
injected, as feed liquid, ito the distillation column 7.

By virtue of the heating at the bottom of the distillation
column 7, imjecting a part of the liquid stream (retlux line 16)
into the distillation column 7 makes 1t possible to advanta-
geously recover the light hydrocarbons, such as methane and
cthane, present 1n said liquid stream. The recovery of these
same light hydrocarbons in the deparathnizing column 3 1s
less eflicient since said deparatlinizing column 3 1s devoid of
heating at the bottom.

According to one embodiment, the expansion step 1) can
be carried out 1n several successive expansion operations, in
particular using several flash drums 34 mounted 1n cascade.
These successive expansion operations result in the obtain-
ing of several gas streams enriched with methane M1
(methane recovery lines 15aq and 15b) which are then
optionally heated, then mixed with the gas stream enriched
with methane M2 (distillation column top line 8) so as to
obtain the gas stream enriched with methane M (methane
collection line 14).

Advantageously, increasing the number of expansion
operations makes 1t possible to more successiully separate
the condensed stream FC from the gas streams enriched with
methane M1 and mainly to make energy savings during the
compression 1 (17a) and (175). The number of successive
expansion operations to be carried out can be calculated by
the process proportioning techniques well known to those
skilled in the art.

According to one preferred embodiment, the expansion
step 15 carried out 1 between 1 and 5 successive expansion
operations, preferably 1n between 2 and 3 successive expan-
s1on operations, more preferentially 1n 2 successive expan-
s10n operations.

FIG. 1 illustrates the preferential embodiment 1n which
the expansion step 1s carried out 1 two (2) successive
expansion operations, thus resulting in the obtaining of
several gas streams enriched with methane Mla and M1b
which are then optionally heated, then mixed with the gas
stream enriched with methane M2 so as to obtain the gas
stream enriched with methane M. In this embodiment, the
vapour stream recovered at the top of the separation unit 5
1s cooled 1n the heat exchanger 13, then introduced into a
protecting drum 33. A gas stream 1s recovered at the top (gas
stream recovery line 35q), while a liquid stream 1s recovered
at the bottom (liquid stream recovery line 355). A first gas
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stream enriched with methane M1a 1s recovered at the top of
the flash drum 34a (first methane recovery line 15a), while
a second liquid stream 1s recovered at the bottom of the flash
drum 34a (second-gas-stream recovery line 35¢) and feeds
a second flash drum 34b. A second gas stream enriched with
methane M1b 1s recovered at the top (second methane
recovery line 155) and the condensed stream FC 1s recov-
ered at the bottom of the second tlash drum 345 (condensate
recovery line 40), and then 1s mjected into the distillation
column 7. The second gas stream enriched with methane
M1b 1s mixed with the gas stream enriched with methane
M2 so as to obtain the gas stream enriched with methane M
(methane collection line 14). Finally, the gas streams
enriched with methane M and M1a are heated by means of
the heat exchanger 13 before being mixed. In the embodi-
ment 1illustrated, the stream enriched with methane M 1s
compressed by means of a compressor 17q after having been
heated, but before 1t 1s mixed.

According to one particular embodiment, the cooling of
step ¢) can be carried out 1 several successive cooling
operations before the mtroduction into the separation unit 5.

In order for the thermal coupling carried out by the
thermal coupling heat exchanger 4 to operate correctly, the
cooling requirements at the top of the deparathnizing col-
umn 3 need to be appropriate with respect to the heating
requirements at the bottom of the distillation column 7.

Thus, above a certain carbon dioxide content in the
natural gas G, the amount of liquid stream recovered at the
bottom of the separation unit 5 for providing the reflux of the
deparatlinizing column 3 requires an amount of heat
exchanged 1n the thermal coupling heat exchanger 4 that
exceeds the heating requirements at the bottom of the
distillation column 7.

Likewise, 1 the temperature at which the natural gas G 1s
introduced into the deparaflinizing column 3 is particularly
high, for example in tropical countries, the amount of liquid
stream recovered at the bottom of the separation unit 5 and
drawn off so as to be injected, as feed liquid, into the
distillation column 7 requires an amount of heat exchanged
in the thermal coupling heat exchanger 4 that exceeds the

heating requirements at the bottom of the distillation column
7.

According to one particular embodiment, step ¢) of cool-
ing the top vapour stream recovered at the outlet of the
deparatlinizing column 3 can be carried out 1n 2 successive
cooling operations.

FIG. 2 1llustrates a second embodiment. In this embodi-
ment, the first cooling operation 1s carried out by means of
the thermal coupling heat exchanger 4. The second cooling
operation 1s carried out by means of the heat exchanger 13,
the additional cooling requirements being covered by the
refrigeration unit 18.

According to one particular embodiment, the gas stream
enriched with carbon dioxide D 1s injected into a geological
reservoir, preferably the geological reservoir from which the
natural gas G comes.

Advantageously, injecting the gas stream enriched with
carbon dioxide D into the geological reservoir from which
the natural gas G comes makes 1t possible to maintain the
pressure of said reservoir and thus increases the amount of
natural gas G extracted from said reservorr.

According to one particular embodiment, the liquid
stream enriched with paraflins P (deparatlimzing column
bottom line 6) can be 1njected nto the distillation column 7.

If the liquid stream enriched with paraflins P i1s not
recovered as exploitable product, 1t can be reinjected with
the gas stream enriched with carbon dioxide D into a
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geological reservoir, preferably the geological reservoir
from which the natural gas G comes. However, this then
requires a specific pump for bringing 1t to high pressure. By
injecting the liquid stream enriched with parathins P into the
distillation column 7, this advantageously makes 1t possible
to collect, at the same time, the liquid stream enriched with
parailins P and the liquid stream enriched with carbon
dioxide D at the bottom of the distillation column (7), thus
sparing the pump.

EXAMPLES

Example 1

The example refers to the embodiment of the invention in
which the cooling of the top vapour stream recovered 1n the
deparaflinizing column top line (11) 1s carried out 1n a single
step, by means of the thermal coupling heat exchanger (4),
and a part of the liquid stream recovered 1n the reflux line
(16) 1s sent to the deparatlinizing column 3 and the other part
recovered 1n the 1jection line (16a) 1s sent to the distillation
column 7.

The natural gas G of the inlet line (10), the composition
of which 1s indicated 1n Table 1, feeds the deparathnizing
column (3) at a pressure of 70 bar at 19° C.

The column top vapour stream recovered 1n the deparat-

finizing column top line (11) passes through the thermal
coupling heat exchanger (4) where it 1s partially condensed
at a temperature of 0° C. (24%). The liquid stream and the
vapour stream are separated in the separation unit (5) and
recovered respectively 1n the reflux line (16) and the vapour

line (12). The liquid stream 1s partly returned (42%), as

reflux liquid, to the top of the deparathnizing column (3),

while a part 1s drawn off, 1n the 1njection line (16a), and 1s
sent, as feed liquid, to the distillation column (7) (58%). The

reflux liquid absorbs the paraflins and 1s extracted from the

"y

deparaflinizing column (3) by means of the deparaflinizing

column bottom line (6).

Table 1 gives the maternial balance of the deparaflinizing
column (3).

TABLE 1

Mole Line Line Line Line
fraction (6) (10) (11) (12)
Flow rate (kmol/h) 670 32000 34891 26501

T (°C.) 18.7 19.0 13.4 -0.2

P (° C. bar a) 70.0 70.0 69.9 69 .4
N, 0.0006 0.0030 0.0029 0.0034
CO, 0.4300 0.4785 0.4867 0.4668%
H,S 0.0003 0.0002 0.0002 0.0002
METHANE 0.1791 0.4024 0.3913 0.4357
ETHANE 0.06R0 0.0541 0.0550 0.0515
PROPANE 0.0949 0.0360 0.0381 0.028%
IBUTANE 0.0272 0.0060 0.0065 0.0039
BUTANE 0.0646 0.0120 0.0129 0.0074
[IPENTANE 0.0190 0.0020 0.0021 0.0009
PENTANE 0.0355 0.0030 0.0030 0.0011
C6 0.0502 0.0020 0.0013 0.0003
Benzene 0.0028 0.0001 0.0001 0.0000
C7 0.0185 0.0004 0.0001 0.0000
Cg 0.0066 0.0001 0.0000 0.0000
C9 0.0024 0.0001 0.0000 0.0000
C10 0.0006 0.0000 0.0000 0.0000
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It 1s seen 1n Table 1 that the concentrations of paraflins are
considerably reduced 1n the vapour stream of the vapour line
(12), thus reducing the risks of crystallization 1n the down-
stream cryogenic equipment.

The vapour line (12) passes through the heat exchanger
(13) where the vapour stream recovered 1s cooled and
condensed at a temperature of —-36° C. The liquid thus
obtained 1s expanded 1n two steps (38 and 28.4 bar) down to
the operating pressure of the distillation column (7) of 28.4
bar and makes 1t possible to obtain a condensed stream FC
and two gas streams enriched with methane Ml1a and M1b
recovered 1n two methane recovery lines (15a and 155). The
condensed stream FC 1s introduced at the top of the distil-
lation column (7), of which 1t provides the reflux at -58° C.

A stream rich 1n methane M2 1s recovered at the top 1n the
distillation column top line (8), while a liquid stream
enriched with carbon dioxide D is recovered at the bottom
in the distillation column bottom line (9).

The gas streams rich 1n methane M2 and M15b are mixed
so as to obtain a gas stream rich in methane M 1n the
methane collection line (14).

The heating at the bottom, via the thermal coupling heat
exchanger (4), of a part of the liquid stream enriched with
carbon dioxide D recovered in the distillation column bot-
tom line (9) makes it possible to separate from the carbon
dioxide most of the dissolved light hydrocarbons and to
recover them 1n the gas stream enriched with methane M2.

The heat extracted from the top vapour stream of the
deparatlinizing column top line (11) in the thermal coupling
heat exchanger (4) 1s used to heat a part of the recovered
liquid stream enriched with carbon dioxide D and therefore
the bottom of the distillation column (7), thus producing the
thermal coupling according to the invention. The amount of
heat exchanged 1s 20.4 MW,

If the thermal coupling i1s not carried out, 1t would be
necessary to provide the distillation column (7) with this
heat and to accordingly cool the top of the column (3) by
means of a refrigeration unit that would consume approxi-
mately 5 electrical MW. All of these consumptions would
increase the self-consumption of hydrocarbons by a factory
by 0.8%, reducing the sales accordingly.

Table 2 shows the material balance of the distillation
column (7).

Line Line
(16a) (16)
4816 3562

-0.2 -0.2

69.4 69 .4
0.0011 0.0011
0.5496 0.5496
0.0002 0.0002
0.2511 0.2511
0.0662 0.0662
0.0677 0.0677
0.0144 0.0144
0.0302 0.0302
0.0058 0.0058%
0.0087 0.0087
0.0045 0.0045
0.0002 0.0002
0.0003 0.0003
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
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TABLE 2

Mole Line Line Line Line Line Line Line
fraction (6) (8) (9) (12) (14) (15a) (16a)
Flow rate (kmol/h) 6’70 6395 1514% 26501 8514 8339 4819

T (°C.) 18.75 -574 7.0 —-0.2 -57.6 -51.3 —-0.2

P (bar a) 70.0 28.7 28.%8 69.4 28.4 3R8.0 69.4

N5 0.0006 0.0021 0.0000 0.0034 0.0030 0.0084 0.0011
CO, 0.4300 0.1992 0.7872 0.4668 0.1981 0.2041 0.5496
H-,S 0.0003 0.0000 0.0003 0.0002 0.0000 0.0000 0.0002
METHANE 0.1791 0.7640 0.0050 0.4357 0.7644 0.7548 0.2511
ETHANE 0.0680 0.0298 0.0825 0.0515 0.0296 0.0273 0.0662
PROPANE 0.0949 0.0043 0.0712 0.0288 0.0043 0.0046 0.0677
IBUTANE 0.0272 0.0002 0.0124 0.0039 0.0002 0.0002 0.0144
BUTANE 0.0646 0.0003 0.0250 0.0074 0.0003 0.0004 0.0302
IPENTANE 0.0190 0.0000 0.0042 0.0009 0.0000 0.0000 0.0058
PENTANE 0.0355 0.0000 0.0063 0.0011 0.0000 0.0000 0.0087
C6 0.0502 0.0000 0.0042 0.0003 0.0000 0.0000 0.0045
Benzene 0.0028 0.0000 0.0002 0.0000 0.0000 0.0000 0.0002
C7 0.0185 0.0000 0.0009 0.0000 0.0000 0.0000 0.0003
C8 0.0066 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000
C9 0.0024 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
C10 0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Example 2 1s partly (70%) returned, as reflux liquid, to the top of the

. . . deparatlinizing column (3), while a part 1s withdrawn, 1n the
Example 2 relates to the variant of the invention as P 2 (3) P

illustrated by FIG. 2.
The natural gas G of the inlet line (10), the composition

of which 1s indicated 1n Table 3, feeds the deparathnizing
column (3) at a pressure of 68 bar and 40° C.
The column top vapour stream recovered in the deparai-

injection line (16a), and sent, as feed liquid, to the distilla-
tion column (7) (30%). The reflux liquid absorbs the parai-

fins and 1s extracted from the deparaflinizing column (3) by

means of the deparatlinizing column bottom line (6).

finizing column top line (11) passes through the thermal 0 Table 3 gives the material balance of the deparatlinizing
coupling heat exchanger (4) where 1t 1s partially condensed column (3).
TABLE 3
Line 11 after the Line 11
thermal coupling after
heat exchanger the heat
Mole Line Line Line Line Line Line (4) and before the exchanger
fraction (6) (10) (11) (12) (16a) (16) heat exchanger (13) (13)
Flow rate (kmol/h) 201 33964 46263 28330 5432 12500 46263 46263
T (° C.) 34.9 40 10 0 0 0 4.2 0
P (bar a) 6% 6% 67.9 66.9 67 67 67.4 66.9
N, 0.0110 0.0927 0.0752 0.1059 0.0266 0.0266 0.0752 0.0752
CO, 0.4487 0.6326 0.6741 0.6051 0.7832 0.7832 0.6741 0.6741
HoS 0.0017 0.0012 0.0014 0.0011 0.001% 0.0018 0.0014 0.0014
METHANE 0.0734 0.2234 0.1938 0.2458 0.1117 0.1117 0.1938 0.193%
ETHANE 0.0283 0.0251 0.0256 0.0248 0.0267 0.0267 0.0256 0.0256
PROPANE 0.0357 0.0135 0.0162 0.0113 0.0238% 0.023% 0.0162 0.0162
IBUTANE 0.0116 0.0021 0.0029 0.0015 0.0050 0.0050 0.0029 0.0029
BUTANE 0.0327 0.0045 0.0063 0.0030 0.0113 0.0113 0.0063 0.0063
IPENTANE 0.0344 0.0016 0.0023 0.0008 0.004% 0.0048 0.0023 0.0023
PENTANE 0.0482 0.0014 0.0019 0.0005 0.0040 0.0040 0.0019 0.0019
Co 0.1615 0.0011 0.0004 0.0001 0.0009 0.0009 0.0004 0.0004
Benzene 0.0139 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
C7 0.0687 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CR 0.0220 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
C9 0.0068 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Cl10 0.0017 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
(27%) at a temperature of 3.2° C. Since the carbon dioxide It 1s seen again 1n Table 3 that the concentrations of
content 1n the gas G 1s considerable, the amounts condensed paraffins are considerably reduced in the vapour stream of
are large. The amount of heat to be extracted from the stream , _ , L
of the deparaffinizing column top line (11) exceeds the 60 the vapour line (12), thus reducing the risks of crystallization

heating requirements of the distillation column (7) and 1s
partially extracted in the heat exchanger (13). The retlux

required for the depara

umn (3) 1s achieved 1n this way.

The liquid stream and the vapour stream are separated in
the separation unit (8), and recovered respectively in the
reflux line (16) and the vapour line (12). The liquid stream

imzing 1n the deparat

inizing col-

65

in the downstream cryogenic equipment.

stream of the depara:

As 1n Example 1, the heat extracted from the top vapour
hnizing column top line (11) in the
thermal coupling heat exchanger (4) 1s used to heat a part of
the liguid stream enriched with carbon dioxide D before 1t 1s

introduced into the distillation column (7), thus performing
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the thermal coupling according to the invention. The amount
of heat exchanged 1s 20.1 MW, close to the 20.4 MW of the
principal embodiment.

The additional heat load due to the passing of the top
vapour stream of the deparathinizing column top line (11)
through the heat exchanger (13) 1s 14.6 MW,

The vapour line (12) passes through the heat exchanger
(13) where the vapour stream recovered 1s cooled and
condensed at a temperature of -37° C. The resulting liquid
1s expanded in two steps (38 and 32.4 bar) down to the
operation pressure of the distillation column (7) of 32.4 bar
at —48° C.

Table 4 shows the material balance of the distillation
column (7).

TABLE 4

Mole Line Line Line Line
fraction (8) (9) (12) (14)
Flow rate (kmol/h) 3905 18643 28330 4458

T (°C) -45.5 -3.5 0 -45.8

P (bar a) 324 32.8 66.9 324

N, 0.1011 0.0000 0.1059 0.1148
CO, 0.2989 0.9268 0.6051 0.2961
H,S 0.0004 0.0019 0.0011 0.0004
METHANE 0.5731 0.0050 0.2458 0.5623
ETHANE 0.0225 0.0287 0.0248 0.0224
PROPANE 0.0035 0.0215 0.0113 0.0034
[IBUTANE 0.0002 0.0036 0.0015 0.0002
BUTANE 0.0003 0.0077 0.0030 0.0003
[PENTANE 0.0000 0.0025 0.0008 0.0000
PENTANE 0.0000 0.0020 0.0005 0.0000
C6 0.0000 0.0003 0.0001 0.0000
Benzene 0.0000 0.0000 0.0000 0.0000
C7 0.0000 0.0000 0.0000 0.0000
CR 0.0000 0.0000 0.0000 0.0000
C9 0.0000 0.0000 0.0000 0.0000
C10 0.0000 0.0000 0.0000 0.0000

The embodiments above are intended to be illustrative
and not limiting. Additional embodiments may be within the
claims. Although the present invention has been described
with reference to particular embodiments, workers skilled in
the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

Various modifications to the invention may be apparent to
one of skill i the art upon reading this disclosure. For
example, persons of ordimary skill in the relevant art will

recognize that the various features described for the different
embodiments of the invention can be suitably combined,
un-combined, and re-combined with other features, alone, or
in different combinations, within the spirit of the invention.
[ikewise, the various features described above should all be
regarded as example embodiments, rather than limitations to
the scope or spirit of the invention. Therefore, the above 1s
not contemplated to limit the scope of the present invention.

The 1nvention claimed 1s:

1. A process for treating a natural gas comprising carbon
dioxide, methane and paraflins, so as to obtain a gas stream
enriched with methane, a liquid stream enriched with carbon
dioxide and a liquid stream enriched with paraflins, said
process comprising the following steps of:

a) mtroducing the natural gas into a deparaflinizing col-

umn,

b) extracting the parailins from the natural gas in the

deparathinizing column, and recovering a top vapour
stream comprising carbon dioxide and methane, at the

e

10
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column top, and said liquid stream enriched with par-

atlins at the column bottom,

¢) cooling the top vapour stream then imtroducing 1t nto
a separation unit,

d) recovering a liquid stream from the separation unit and
a vapour stream from the separation unit,

¢) mtroducing all or part of the liquid stream from the
separation unit, as reflux liquid, at the top of the
deparathnizing column so as to wash, 1n countercurrent
mode, the natural gas itroduced 1n step a),

1) cooling then expanding the vapour stream from the
separation unit recovered in step d) so as to obtain a

condensed stream and a first gas stream enriched with
methane M1,

Line Line
(135) (16a)

10661 5432
-46.6 0

40

45

50

55

60

65

38 60.9

0.24°70
0.2025
0.0004
0.4063
0.0201
0.0032
0.0002
0.0003
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0266
0.7832
0.0018
0.1117
0.0267
0.0238
0.0050
0.0113
0.0048
0.0040
0.0009
0.0000
0.0000
0.0000
0.0000
0.0000

o) introducing the condensed stream into a distillation
column so as to recover, at the top of the column, a
second gas stream enriched with methane M2 and, at
the column bottom, said liquid stream enriched with
carbon dioxide,

h) mixing the first gas stream enriched with methane M1
and the second gas stream enriched with methane M2
so as to obtain said gas stream enriched with methane,

1) recheating a part of the liquid stream enriched with
carbon dioxide and introducing the resulting reheated
stream 1nto the distillation column,

in which the cooling of the top vapour stream 1n step ¢) and
the reheating of the part of the liqud stream enriched with
carbon dioxide 1n step 1) are carried out by passing said top
vapour stream and said part of the liquid stream enriched
with carbon dioxide through a thermal coupling heat
exchanger.

2. The process according to claim 1, wherein a part of the
liquid stream recovered 1n step d) 1s withdrawn and 1njected,
as feed liquid, mto the distillation column.

3. The process according to claim 1, wherein the cooling
of step ¢) 1s carried out 1 several successive cooling
operations before the introduction into the separation unit
(5).

4. The process according to claim 1, wherein the gas
stream enriched with methane 1s heated then compressed
before being further mixed with a gas stream from a first
methane gas recovery line.

5. The process according to claim 1, wherein a part of the
liquid stream enriched with carbon dioxide 1s 1njected 1nto a
geological reservorr.
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6. The process according to claim 1, wherein the natural
gas comprises from 35% to 85% of carbon dioxide, from
15% to 65% of methane and at most 4% of parathns, the
percentages being given in mole values.

7. The process according to claim 1, wherein the gas °
stream enriched with methane comprises less than 22% of
carbon dioxide, the percentages being given in mole values.

8. The process according to claim 1, wheremn the hiquid
stream enriched with carbon dioxide comprises from 60% to
100% of carbon dioxide, the percentages being given in ¢
mole values.

9. The process according to claim 1, wherein the liquid
stream enriched with parathns comprises from 4% to 40% of
parailins, the percentages being given in mole values.

10. An apparatus for treating a natural gas comprising 1°
carbon dioxide, methane and parathins, so as to obtain a gas
stream enriched with methane, a liquid stream enriched with
carbon dioxide and a liquid stream enriched with parathns,
wherein said apparatus comprises:

a deparaffinizing column, 20

an 1nlet line connected at the inlet of the deparathinizing
column so as to introduce the natural gas into the
deparatlinizing column,

a deparathimzing column top line connected at the top of
the deparaffinizing column so as to recover a top vapour 2>
stream and a deparaflinizing column bottom line con-
nected at the bottom of the deparaflinizing column so as
to recover a liqud stream enriched with parathns,

a separation unit fed by the deparatlinizing column top
line, 30

a reflux line connected to the separation unit so as to
recover and reinject a liquid stream, as reflux liquid, as
the top of the deparaflinizing column,

a vapour line connected to the separation unit so as to
recover a vapour stream, 33

a heat exchanger and pressure reducing valves/separators
fed by the vapour line so as to obtain a condensed
stream recovered 1n a condensate recovery line and a
first gas stream enriched with methane M1 recovered 1n
a methane recovery line,

20

a distillation column fed by the condensate recovery line,

a distillation column top line connected at the top of the
distillation column so as to recover a second gas stream
enriched with methane M2,

a methane collection line connected to the distillation
column top line and the methane recovery line so as to
recover a gas stream enriched with methane,

a distillation column bottom line connected at the bottom
of the distillation column so as to recover a liquid
stream enriched with carbon dioxide,

a drawing ofl line connected to the distillation column
bottom line so as to draw off and reinject a part of the
ligumid stream enriched with carbon dioxide into the
distillation column,

wherein said apparatus also comprises a thermal coupling
heat exchanger through which pass the deparathnizing col-
umn top line and the drawing ofl line configured to cool the
top vapour stream before itroduction thereot into the sepa-
ration unit while at the same time reheating the drawing-oil
part of the liquid stream enriched with carbon dioxide before
injection thereof into the distillation column.

11. The apparatus according to claim 10, wherein an
injection line 1s connected to the reflux line for drawing off
a part of the retlux liquid stream and injecting 1t, as feed
liquid, into the distillation column.

12. The apparatus according to claim 10, wherein a
refrigeration umt and the vapour line, the methane collection
line, and a first methane recovery line passes through the
heat exchanger so as to cool the vapour stream while at the
same time reheating the gas stream enriched with methane
and the first gas stream enriched with methane M1.

13. The apparatus according to claim 10, wherein the
deparathinizing column top line passes through the heat
exchanger so as to cool the top vapour stream after passing
through the thermal coupling heat exchanger and before 1t 1s
introduced 1nto the separation unait.

14. The apparatus according to claim 10, wherein the
deparaflinizing column bottom line feeds the distillation
column.
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